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The present Invention relates to 1-N-phenyl-amlno-lH-lmidazole derivatives and 
to pharmaceutical compositions containing them. 

The Invention generally relates to the field of hormone- and non hormone* 
dependent cancer and endocrine disorders. 

Aromatase Is the physiological enzyme responsible fbr the spedflc conversion of 
androgens such as androstenedione or t^osterone. Into estrogens such as 
estrone and estradiol, respectively (Simpson ER et a!.. Endocrine Reviews, 1994, 
15 : 342-355). Inhibition of aromatase is, therefore, a strategy of choice to 
interfere with normal or patiiologlcal estrogen-inducBd or estrogen-dependent 
biological processes such as female sexual differentiation, ovulation, 
implantation, pregnancy, breast and endometrial cell proliferation as well- as 
regulati'ons of spermatogenesis or prostate cell proliferation in male or of non- 
reproductive functions such as bone formation or Immune T cell and cytokine 
balance (see Simpson ER et al.. Recent Progress in Hormone Research, 1997, 
52 : 185-213 and the whole Issues of Endocrine Related Cancer (1999, volume 6, 
n^2) and Breast Cancer Research Treatment (1998, volume 49, supplement 

The enzyme steroid sulfatese (E.C. 3.I.6.2., STS) catelyses the hydrolysis of 
estrone sulfate to estrone and the DHEA sulfate to DHEA (Dibbelt L, Biol. Chem, 
Hoppe-Seyler, 1991, 372, 173-185 and Stdn C, J. Biol. Chem., 1989, 264, 13865- 
13872). . 

The steroid sulfatase pathway has been the focus of recent interest in the 
context of breast cancer, with regard to the local intra-tissue formation of 
estrogens from the abundant drculating pool of estrone sulfate (EiS) (Pasquallnl 
JR, J. Steroid Biochem. Moi. Biol., 1999, 69, 287-292 and Purohit A, Mol. Cell. 
Endocrinol., 2001, 171, 129-135). 

Inhibition of this enzyme would prevent EiS from yielding free estrone (E^), 
which can be transformed into estradiol (E2) by enzymatic reduction. In addition 
to the estrone sulfatese pathway. It is now believed that another potent 
estrogen, androstenediot (adiol) obteined from DHEA after hydrolysis of DHEA-S, 
could be another Importent contributor, in the support of growth and 
development of hormone-dependent breast tumors. 

The formation of estrogens in women is schematically represented In figure 1. 



In patients with liormone-dependent cancers, aromatase inhibitors are currently 
used to prevent estrogen synthesis. However, clinical trials showed a relative lack 
of efficacy for patients with estrogen receptor-positive tumors (Castiglione- 
Gertsch M, Eur. J. Cancer, 1996, 32A, 393-395 and Jonat W, Eur. J. Cancer, 
1996, 32A, 404-412). As an explanation, steroid sulfetase pathway could be 
another Important route for estrogen formation in breast tumors. 
EMATE (Ahmed S, Curr. Med. Chem., 2002, 9, 2, 263-273), estrone-3-sulfemate. 
Is the historical standard steroidal sulfatase inhiUtor but has the major drawback 
of being esb-ogenic because of its mechanism of Inhibition: the sulfemate moiety 
Is cleaved during the process of enzyme inactivation, which releases Ei, not from 
EiS but from EMATE itself (Ahmed S, J. Steroid Biochem. Mol. Biol., 2002, 80, 
429-440). 




Other non-steroid sulfamate compounds which release derivatives without 
estiiogenic properties have been presented as acceptable drug candidates such 
as 6,6,7-COUMATE, a standard non-estrogenic sulfBtase inhibitor from the 
literature (Purohit A, Cancer Res, 2000, 60, 3394-3396). 




o 



6,6,7 COUMATE 



Human carbonic anhydrases catalyse the conversion between carbon diodde 
(COj) and the bicarbonate ion (HCO3")/ and are Involved in physiological and 
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pathoiogfcai processes. They Include honnone-dependent and non-honrnone- 
dependent cancerogenesis, metastasis invadve proc^ and hypoxic tumors that 
express tiiese enzymes which are le^ responsive to classical chemo/radio- 
therapy inhlMtors. In particular, EMATE was found to have a human carbonic 
5 anhydrase Inhibitory potency similar to that of acetazolamide, a well-known 
sulfonamide human carbonk: anhydrase Inhibitor (WInum J and al., J. Med. 
Chem. 2003, 46, 2197-2204). 

It Is therefore of particular interest to have compounds with at least one, 
preferably at least two of the following activities: aromatase inhitrition, steroid 
10 sulfotase inhibition and carbonic anhydrase inhibition. 

M. Okada et al. (Chem. Pharm. Bull., 44 (10), 1996, 1871-1879) described a 
series of [4-(bromophenylmethyi)-4-(cyanophenyl>amino]-azoies and their azine 
analogues presented as aromatase inhibitors: 



l^ore recently, B. Potter et al. (3. I^led. Chem., 46, 2003, 3193-3196) reported 
that suKamoylated-derivatives of the aromatase inhiUtor YM 511 inhibited 
sulfiatase and aromatase activity In JEG-3 cells. 

25 It has now been found that imidazole derivatives which Invariably contain a 1-[N- 
phenylamlno] group demonstrate an uneqpectedly high potency to Inhibit 
aromatase and/or steroid sulfatase and/or carbordc anhydra^. 
Accordingly, one object of this Invention is to provide l-[N-phenyl-ammo]- 
imidazole derivative^ which are potent aromatase and/or steroid sulfatase 

30 and/or carbonic anhydrase Inhibitors. 

Another object of this invention is to provide a pharmaceutical composition 
containing, as active ingredient, a l-[IM-phenylamino]-imidazole derivative as 
depicted below. 



15 
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YM511 
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A further object of this invention is to provide the use of l-[N-phenylamino]- 
imidazole derivatives in the nfianufacture of a medicannent for treating or 
preventing various diseases and for managing reproductive flinctions in women, 
in men as well as in female and male wild or domestic animals. 
5 The l-[N-phenylamino]-imida2oie derivatives of this invention are represent^ by 
the following general formula (I): 




(I) 



Re 



and acid addition salts and stereoisomeric forms thereof, wherein: 

• Ri and R2 are each independently hydrogen, a (CrC6)alkyl or a (C3- 
10 C6)cydoaikyl ; or Ri and R2 together form a saturated or unsaturated 5-, 6- or 

7- membered carbocydic ring; 

• n Is 0, 1 or 2 ; 

• one of R3 and R4 is a hydroxy, nitro, -NRjRar -OS02NR7R8 or -NR7SQ2NR7R8 
group and the other Is hydrogen or a hydroxy, cyano, halogen, nitro, (Q- 

15 C6)alkyl, (Ci-C6)alkoxy, trifluoromethyl, (Ci-<i)alkylthio, (Ci-C6)alkylsulfonyl, 
acyl, (Ci-C6)alkoxycarbonyl, carboxamfdo, -NRyRsr -OSOzNRyRa or - 
NR7SO2NR7R8 group; 

• R5 and Re are each Independently hydroxy, cyano, halogen, nitro, (Ci- 
C6)alkyl/ (Ci-C:6)alkoxy, trifluorometiiyl, (CrC6)alkylthio, (Q-C6)alkylsuHbnyl, 

20 acyl, (Ci-<:6)alkoxycarbonyl, carbo)»mldo, -NR7R8f OSO2NR7R8 or - 
NR7SO2NR7R8 group ; 

• R7 and Rs are each independentiy hydrogen, a (Ci-C6)alkyl or a (C3- 
c:8)cydoalkyl; 

• m is 1, 2, 3 or 4; 

25 » R4 and R5 together with the phenyl ring bearing them can also form a 
benzoxathiazine dioxide or a dihydrobenzoxathiazine dioxide; 
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• R3 and Re together with the phenyl ring bearing them can also form a 

benzofiirane or a N-methylbenzotria2oIe. 
In the description and dalms, the term *XCi-C6)alkyl'' is understood as meaning a 
linear or branched hydrocarbon chain having 1 to 6 carbon atoms. A (Ci-C6)alkyi 
5 radical is for example a methyl, ethyl, propyl, isopropyl, butyl, Isobutyl, tertr-butyl, 
pentyl, isopentyl or hexyl radical. Preferred alkyi radicals are those having 1, 2 or 
3 carbon atoms. 

The term ""halogen" is understood as meaning a chlorine, bromine, iodine or 
fluorine atom. 

10 The term 'XC3-Q)cycloalkyr' is understood as meaning a saturated monocyclic 
hydrocarbon having 3 to 8 carbon atoms. A (C3-C:6)cycloalkyl radical Is for 
©cample a cyclopropyl, cydobutyl, cyclopentyl, cydohexyl, cydoheptyl or 
cyclooctyl radical. 

The term "XCi-"C6)alkox/' is understood as meaning a group OR in which R is a 
15 (Ci-c:6)allcyl as defined above. A (CrC:6)alkoxy radical is for example a methoxy, 
elhoxy, propoxy, isopropoxy, butoxy, Isobutoxy, tert-butoxy, n-pentyloxy or 
isopentyloxy radical. Preferred alkoxy radicals are those having 1, 2 or 3 carbon 
atoms. 

The tenm ""acyl" is undeistood as meaning a group K — jj in which K is hydrogen or a 

O 

20 (Ci-C4)alkyl wherein the term "alkyI" Is as defined above. An acyl radical is for 
acample a formyl, an acetyl, a propionyl, a but/ryl or a valeryl radical. Preferred 
acyl radicals are formyl and acetyl. 

Needless to say, when R4 and R5 together with the phenyl ring bearing them 
form a (dihydro)benzoxathiazlne dioxide, then R3 represents a hydroxy, nitro, 

25 -NR7R8/ -OSChNRyRs or -NR^QzNRtRs group. Likewise, when R3 and Rs together 
with the phenyl ring bearing them form a benzofurane or a 
methylbenzotriazole, then R4 represents a hydroxy, nitro, -NR7R8/ -OSO2NR7R8 or 
-NR7SO2NR7R8 group. When R3 and/or R4 represent a group -NR7SO2NR7R8/ the 
R7 may be the same or different. 

30 Compounds of formula (I) form add addition salts, for example with inorganic 
adds such as hydrochloric acid, hydrobromic add, sulfuric add, nitric add, 
phosphoric add and the like or with organic carboxylic acids such as acetic add. 
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propionic add, glycollc add, pyruvic add, oxalic add, malic add, fiimaric add, 
tartaric add, citric acid, benzoic add, dnnanilc add, mandellc add, 
methanesulfonic acid and the like. Especially preferred are those salts vAiidh are 
pharmaceuticaliy acceptable. 
5 Preferred compounds of formula (I) comprise those fVilfilllng at least one of the 
following conditions: 

• n is 0 or 1; 

• Ri and Ra are each independently hydrogen or (Ci-Q)alkyl; 

• Rs and Re are each independently hydrogen, halogen, (Ci-C6)alkoxy, acyl, - 
10 NR7R8, -OSO2NR7R8 or HMRySQzNRTRa. 

Furtiier preferred compounds of formula (Q are those where: 

• n is 0 or 1 ; 

• Ri, R2 and Re are each hydrogen; 

• Rs is hydrogen, halogen, (Ci-C6)alkoxy or -OSQ2NR7R8. 

15 Among the above compounds, those where one of R3 and R4 fs hydroxy, cyano or 
-OSQ2NR7R8 and the other is hydroxy, nitro, -NR/Rs, -OSOzNRyRs or 
-NR7S02NR7Re, and preferably one of R3 and R4 is cyano or -0502NR7R8 and the 
other is hydroxy or -OSO2NR7R8/ are especially preferred. 
Also preferred are the compounds of formula (I) wherein: R7 and Rg are each 

20 hydrogen; n is 1; m is 1; R3 is in position 4- of the phenyl ring; and/or R4 Is in 
position 4- of the phenyl ring. 

By virtue of their capability to inhibit the enzymes aromatase and/or steroid 
suH^tase and/or carbonic anhydrase, t*ie compounds of the present invention 
can be used alone or in combination \Adth other active ingredients for the 

25 treatment or the prevention of any hormone or non hormone-dependent canc^. 
In humans as wdl as in wild or domestic animals. Because of their inhibition 
activity of aromatase and/or steroid sulfatase, the compounds of formula CO are 
suitable for the management of estrogen-regulated reproductive functions, in 
humans as well as in wild or domestic animals. 

30 In the treabnent or prevention of the above conditions, the compounds of 
formula (J) can be used alone or in combination with an antiestrogen, a SERi^ 
(selective estrogen receptor modulator), an aromatase inhibitor, a carbonic 
anhydrase Inhibitor, an antiandrogen, a steroid sulfatase inhibitor, a lyase 
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Inhibitor, a progestin, or a LH-RH agonist or antagonist. The compounds of 
formula (I) can also be used in combination with a radiotherapeutic agent; a 
diemiotherapeutic agent such as a nitrogenated mustard analogue like 
cyclophosphamide, melphalan, Iphosphamide, or trophosphamide; an 

5 ethylenimlne like thiotepa; a nitrosourea like camiustine; a lysed agent like 
temozolomide or dacarbazine; an antimetabolite of folic add like m^otrexate or 
raititrexed; a purine analogue like thioguanine, dadribine or fiudarabine; a 
pyrimldine analogue like fluorouracil, tegafur or gemdtabine; an alkaloid of vinca 
or analogue like vinblastine, vincristine or vinorelbine; a podophyllotoxin 

10 derivative like etoposide, taxanes, docetaxel or paclitaxel; an anthracycline or 
analogue like doxoiubidn, eplrubldn, Idarubldn or mitoxantrone; a cytotoxic 
antibiotic like bleomydn or mitomydn; a platinum compound like dsplatin, 
carbopiatin or oxaliplatin; a monodonal antibody like rituximab; an antineoplastic 
agent like pentostatin, mlltefoslne, esbramustine^ topotecan, irinotecan or 

15 bicalutamide; or witii a prostaglandin inhibitor (CX)X 2/COX 1 inhibitor). 

The compounds of the invention can also be used for the control or management 
of estrogen-regulatal reproductive functions such as male or female fertility, 
pregnancy, abortion or delivery, in humans as well as In wild or domestic animal 
spedes, alone or in combination with one or several other therapeutic agents 

20 such as a LH-RH agonist or antagonist, an esbx»progestative contraceptive, a 
progestin, an antiprogestin or a prostaglandin inhibitor. 

Breast tissue being a sensitive target of estrogen-stimulated proliferation and/or 
differentiation. Inhibitors of aromatase and/or steroid sulftitase and/or cariaonic 
anhydrase can be used In the treatinent or prevention of benign breast diseases 

25 in women, gynecomastia In men and In benign or malignant breast tumors with 
or without metastasis botii In men and women or in male or female domestic 
animals. The compounds of the Invention can also be used in the treatment or 
prevention of benign or malignant disease of the uterus or the ovary. In each 
case, the rompounds of the Invention can be used alone or in combination with 

30 one or several other sexual endocrine therapeutic agents such as an 
antiandrogen, an anti-esti-ogen, a progestin or a LH-RH agonist or antagonist 
As the enzyme steroid sulfatase transfonns DHEA sulfate into DHEA, a precursor 
of active androgens (testosterone and dihydrotestosterone), the compounds of 
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the invention can be used in the treatment or prevention of androgen-dependent 
diseases such as androgenic alopecia (male pattern loss) (Hoffman R et al., 3. 
Invest. Dermatol., 2001, 117, 1342-1348), hirsutism, acne (Billfch A et al., WO 
9952890), benign or malignant diseases of the prostate or the testis (Reed MJ, 
Rev. Endocr. Relat. Cancer, 1993, 45, 51-62), alone or in combination wfth one 
or several otiier sexual endocrine tiierapeutic agents such as an antiandrogen, an 
antiestrogen, a SERM, an antiaromatase, a progestin, a lyase Inhibitor or a LH-RH 
agonist or antagonist. 

Inhibitors of steroid sulfatase are also potentially Involved In tiie treatment of 
cognitive dysfunction, because ttiey are able to enhance teaming and spatial 
memory In the rat (Johnson DA, Brain Res, 2000, 865, 286-290). DHEA sulfete as 
a neurosteroid affects a number of neurotransmlttjer systems Including tfiose 
involving acetylcholine, glutamate, and GABA, resulting In Increased neuronal 
excitability (Wolf OT, Brain Res. Rev, 1999, 30, 264-288). The compounds of tiie 
present invention are thus also useful for enhancing the cognitive function, 
espedally for tfie treatment of senile dementia. Including Alzheimer's diseases, by 
increasing the DHEA levels In the central nervous system. 
In addition, estrogens are Involved in tiie regulation of the balance between Thi 
and Thi predominant immune functions and may therefore be useful In the 
ti-eatinent or prevention of gender-dependent auto-Immune diseases such as 
lupus, multiple sclerosis, rheumatoid arthritis and the like (Daynes RA, J. Exp. 
Med, 1990, 171, 979-996). Steroid sulfatase inhibrtion was furtiier shown to be 
protective In models of contact allergy and collagen-Induced arthritis In rodents 
(Suitters AJ, Immunology, 1997, 91, 314-321). 

Studies using 2-MeOEMATE have shown that steroid sulfatase Inhlbltois have 
potent estiadlol-independent growtii-inhlbltory effiect (MacCarthy-Moorogh L, 
Cancer Research, 2000, 60, 5441-5450). A decrease In tumor volume was 
surprisingly observed with ttie compounds of the Invention, with low tumor 
steroid sulfetase Inhibition. In view of this, the compounds of ttie Invention could 
lead to a decrease in cellular division because of tiie large Interaction between 
such new chemical entities and tiie mlcrotubular networic wittiln the cancerous 
cell, whatever tiie tissue. Including breast, endometiium, uterus, prostate, testis 
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or metastasis generated therefrom. The compounds of the invention could 
therefore be useful In the treatment of non-estrogeno-dependent cancer. 
The compounds of the invention are of particular value for the treatment or 
prevention of estrogen-dependent diseases or disorders. I.e. estrogen-induced or 
5 estrogen-stimulated diseases or disorders (Golob T, Bioorg. Med. Chem., 2002, 
10, 3941-3953). 

In addition, the compounds of the present invention are inhibitors of carbonic 
anhydrase (CA). This property could ecplain the interest of such compounds in 
non-hormone-dependent cancer. Immunohistochemlcal studies of CA n have 
10 ^own that it is expressed In malignant brain tumors (Parkkiia A-K. et al., 
Histochem. J., 1995, 27: 974-982) and gastric and pancreatic cardnomas 
(Parkkiia S et al., Histochem. 3., 1995, 27: 133-138), and recent evidence has 
shown that CA DC and xn are also expressed In some tumors and may be 
functionally related to oncogenesis. Ivanov et al. (Proc. Nati. Acad. Sd. USA, 
15 1998, 95: 12596-12601) recentiy hypothesized that tumor-associated CA DC and 
xn may be implicated in addification of the acbracellular medium sunxsunding 
cancer cells, which would create a microenvironment condudve to tumor growth 
and spreading. R has been ^own that acetazolamlde markedly Inhibited invasion 
capacity in four renal cancer cell lines (Parkkiia S et al., Proc. Nati. Acad. Sd. 
20 USA, 2000, 97: 2220-2224), an effod: attributeble to CA H, DC, and XII, which 
were expressed in these ceils. Leukemia cells can easily spread from bone 
marrow to other organs via drculati'on, but various leukemias differ In their ability 
to form extramedullary tumors l.e., metestases. If CA acti>dta'es were essential for 
Invaaon by other cancer cells, one a)uld analogously predict that active CA(s) 
25 could also function in leukemia cells. 

As used her^n, tiie term '^combined'' or "combination" refers to any protocol for 
the co-admlnlslration of a compound of formula (I) and one or more other 
pharmaceutical substances. Irrespective of the nature of the time of 
administration and the variation of dose over time of any of the substances. The 
30 co-administration can for example be parallel or sequential. 

For the treatment/preventi"on of any of the above-menti'oned diseases or 
disorders, the compounds of formula (I) may be administered, for example, 
orally, topically, parenterally. In dosage unit formulations containing conventional 
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non-to}dc pharmaceutically acceptable carriers, adjuvants and vehicles. These 
dosage fbnms are given as examples, but other dosage forms may be developed 
by those skilled in the art of formulation, for the administration of the 
compounds of formula (I). The term parenteral as used herein includes 
subcutaneous injections, intravenous. Intramuscular, inbastemal injection or 
infusion techniques. In addition to the treatment of humans, the compounds of 
the invention are efltective In the treatment of warm-bkxided animals such as 
mice, rats, horses, cattle ^eep, dogs, cats, etc. 

The pharmaceu^cal compositions containing the active lngr^ent(s) may be in a 
form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or 
oily suspensions, dispersibie powders or granules, emulsions, hard or soft 
capsules, or syrups or elixirs. Cbmpositions Intended for oral use may be 
prepared according to any method laiown to the art for the manufacture of 
pharmaceutical compositions and such compositions may a)ntain one or more 
agents selected from the group cona'sb'ng of sweetening agents, flavouring 
agents, colouring agents and preserving agents in order to provide 
pharmaceutically elegant and palatable preparations. Tablets contain the active 
ingredient(s) in admixture with non-ta)dc pliarmaceuticaliy acceptable excipients 
that are suitable for the manufacture of tablets. These excipients may be for 
example, inert diluents, such as caldum carbonate, sodium carbonate, lactose, 
calcium phosphate or sodium phosphate; granulating and dteintegrating agents, 
for example, com starch, or alginic acid; binding agents, for example starch, 
gelatin or acacia, and lubricating agents, for example, magnesium sfcearate, 
stearic add or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the gastroinlBstinal 
tract and thereby provide a sustained action over a longer period. For example, a 
time delay matsrial such as glyceryl monostearate or glyceryl distearate may be 
employed. 

They may also be coated by the technique described in the U.S. Patent 
4,256,108; 4,166,452 and 4,265,874 to form osmotic therapeutic tablets for 
controlled release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein 
the active lngredient(s) is (are) mbced with an inert solid diluent^ for example. 
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calcium carbonate, caidum phosphate, or kaolin, or as soft gelatin capsules 
wherein the active Ingredient is mixed with water or an oil medium, for example 
peanut oil, liquid parafFin, or olive oil. 

Aqueous suspensions o^ntain the active {ngredient(s) in admixture with 
5 ecdpients suitable for the manufacture of aqueous suspensions. Such exciplents 
are suspending agents, for ecample sodium carboxymethylcellulose, 
metiiylcellulose, hydroxypropylmethylceilulose, sodium alginate, 
poiyvinyipyrroitdone, gum tragacanth and gum acada; dispersing or wetting 
agents may be a naturally-occurring phosphatide, for ecample iedthin, or 

10 condensation products of an aikyiene oxide with fatty adds, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or 
condensation products of ethylene oxide with partial esters derived from fatty 
adds and a hexitDl such as polyoxyethylene sorbitol monooteate, or condensation 

15 products of etiiylene owde with partial esters derived from fatty adds and hexitol 
anhydrides, for example polyethylene sorbltan monooleate. The aqueous 
suspensions may also contain one or more preservatives, for example ettiyl, or n- 
propyl, p-hydroxybenzoate, one or more colouring agents, one or more 
flavouring agents, and one or more sweetening agents, such as sucrose, 

20 saccharin or aspartame. 

Oily suspensions may be formulated by suspending the active ingredient(s) in a 
vegetable oi), for example peanut oil, olive oil, sesame oil or coconut oil, or in 
mineral oil such as liquid paraffin. The oily suspensions may contain a tiilckening 
agent, for example beeswax, hard paraffin or acetyl alcohol. Sweetening agents 

25 such as tiiose set forth above, and flavouring agents may be added to provide a 
palatable oral preparation. These compositions may be preserved by the addition 
of an anti-oxidant such as ascorbic add. 

Dispersible powders and granules suitable for preparation of an aqueous 
suspension by the addition of water provide the active ingredient(s) in admbcture 
30 with a dispersing or wetting agent, suspending agent and one or more 
preservatives. Suitable dispersing or wetting agents and suspending agents are 
exemplified by those already mentioned above. Additional exdpients, for example 
sweetening, flavouring and colouring agents, may also be present The 



12 



pharmaceuticat compositions of the Invention may also be in the form of an oil- 
in-water emulsion. The oily phase may be a vegetable oil, for example olive oil or 
peanut oil, or a mineral oil, for example liquid paraffin or mixtures of tiiese. 
Suitable emulsifying agents may be naturally occurring phosphatides, for 
5 example soybean, ledthin, and esters or partial esters derived from fatly adds 
and hexitol anhydrides, for example sorbitan monooleate, and condensation 
products of the said parUal esters with ethylene oxide, for example 
polyoxyethylene sorbitan monooleate. The emulsions may also contain 
sweetening and flavouring agents. 

10 The pharmaceutical compositions may be in the form of a sterile injectable 
aqueous or oleaginous suspension. This suspendon may be formulated according 
to the known art using those suitable dispersing or wetting agents and 
suspending agents which have been mentioned above. The sterile injectable 
preparation may also be a sterile injecteble solution or suspension in a non-toxic 

15 parenteraliy accepteble diluent or solvent, for example as a solution in 1,3* 
butanediol. Among the acceptable vehides and solvents that may be employed 
are water, RingeKs solution and Isotonic sodium chloride solution. In addition, 
^rile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this puqpose any bland fbced oil may be employed including 

20 synthetic mono- or diglycerides. In addition, fsrtty acids such as oleic add find 
use In the preparation of injectebles. 

Dosage levels of the order of from about 0.0001 mg to about 20 mg/kg of body 
weight per day are useful in the treatment of the above-indicated conditions, or 
alternatively about 0.1 mg to about 2000 mg per patient per day. 

25 The amount of active ingredient tiiat may be combined witii the carrier materials 
to produce a single dosage form will vary depending upon the host treated and 
the particular mode of administration. Dosage unit forms will generally contain 
between from about 0.1 mg to about 400 mg of compound of fbmnula (I), 
typically 0.1 mg, 1 mg, 2 mg, 5 mg, 10 mg, 20 mg, 40 mg, 80 mg, 100 mg, 200 

30 mg or 400 mg- 

It will be understood, however, tiiat the spedflc dose level for any particular 
patient will depend upon a variety of factors Induding the age, body weight, 
general health, sac, diet, time of administration, route of administration, rate of 
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excretion, drug combination and the sever*/ of the particular disease undergoing 
therapy. 

According to another object, the Invention relates to a m^od for the tr^tment 
or prevention of the above-mentioned diseases, disorders or conditions. The 
method comprises administering to a sulqect (human or animal) in need thereof 
a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically atxeptable add addition salt thereof. 

The l-N-phenyl-amino-lH-lmidazole derivatives of fomnula (I) and their add 
addition salts can be prepared following the general scheme 1. 
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Acxording to scheme 1 aniline derivative (1) is condensed v^th the aldehyde of 
formula (2) and the imine intemiediate is reduced with sodium borohydride or 
hydrogenated using palladium or platinum oxide as catalyst to afford the N,N- 
disubsUtuted aniline (3). Said aniline (3) can also be prepared by reaction of a 
halogeno derivative (8) with an aniline of formula (1). 

The N,N-disubstituted aniline (3) is converted to its nitroso derivative using 
standard conditions, then reduced to afford the 14-dIsubstituted hydrazine of 
formula (4). 

Alternatively, the 1,1-disubstltuted hydrazine (4) can be prepared by selective N- 
alkylation of a compound of formula (7) with a compound of formula (8) using 
the conditions described by U. Lerch and 3. Konig {Syntiiesis, 1983, 2, 157-8) or 
the conditions described by J. Chung et al. {Tetrahedron Letters, 1992, 33, 4717- 
20). 

Then, condensation of (4) with a dialkyloxy-alkyl-isothiocyanate derivative or an 
ethylenedioxy-alkyl-lsocyanate derivative, affords the thiosemlcarbazide (5) 
which Is transformed to the l-amino-imldazole-2-thione (6) by treatment with an 
acid like acetic acid or sulphuric acid. 

Desulfurization of (6) in acetic acid, following the conditions described by 
S.Grivas and E.Ronne In /Icta Chemlca Scandinavia, 1995, 49, 225-229, gives the 
final 1-N-phenyl-amino-lH-lmidazole (I), which is optionally converted to one of 
its acid addition salts. Altematively the compounds (I) where R3 or Re Is an 
electron-withdrawing group can be obtained by condensation of the N- 
Imldazoloaniline (9) with the halogeno derivative (8). 

Deprotection of the derivatives (I) where R3 or R4 is alkoxy e.g. methoxy, with 
boron tribromide gives the corresponding hydroxy compounds prepared using 
the conditions described by McOmie J.F.W. (Tetrahedron, 1968, 24, 2289-92). 
These compounds are transformed into the corresponding sulfamates by 
treatment with sodium hydride, with amidochlorosulfonic acid (Nussbaumer P, J. 
Med. Chem., 2002, 45, 4310-20), or by reaction with sulfiamoyl chloride in 
dimetiiylacetamide (DMAc) (Makoto. O, Teti^hedron letters, 2000, 41, 7047-51). 
The derivatives (I) where R3 and/or R4 is nitro are reduced with ruthenium and 
hydrazine, to give the corresponding amino compounds (WO 02051821). These 



16 



compounds are transformed Into the corresponding sulfamides by the same 

treatment as described for the conversion into sulfamates. 

The following examples are intended to illusbBte and not to limit the scope of the 

invention. 

5 PREPARATION OF N, N-DISUBSHTUTED HYDRAZINES (4) 
EXAMPLE 1 

NH4-cyanophenylmethyl)-N^4-niethoxyphenyl)hydraZine 

Chloromethylbenzonitrile (25 g, 164.90 mmol) was introduced with stirring Into 

a flasic containing toluene (200 ml) and triethylamlne (46.40 ml, 329.80 mmol). 
10 4-cyano-phenylhydrazine hydrochloride (prepared following Jose L Castro et al. 

J.Med.Chem. 1994, 37, 3023-3032) (28.80 g, 164.90 mmol) was added 

portlonwise and the reaction mbcture was stinned 3 h at reflux. After cooling, the 

mbcture was filtered, washed with toluene (50 ml) and with water (200 ml) to 

give a white solid (27.20 g, 65%), mp: IIS^C 
15 *H-NMR (DI^SO de) : 3.65 (s, 3H), 4.30 (s^ 2H), 4.57 (s, 2H), 6.77 (d, 2H), 6.94 

(d, 2H), 7.48 (d, 2H), 7.76 (d, 2H). 

PREPARATION OF IMIDAZOLES (9) 

EXAMPLE 2 

4-[N-(lH-lmldazoM-yl)amino]benzonitrile 

20 a) 4-[N-(2,3-dihydro-lH-lmidazoH-yl-2-thione)amlno]benzonltrlle 

To a suspension of 4-cyanophenylhydrazlne hydrochloride (6.00 g, 35.40 mmol) 
In ethanol (60 ml) was added dropwise 2,2-dlmethoxyethyllsothlocyanate (6.25 
g, 42.4 mmol) and the reaction mixture was heated to reflux for 2 h. After 
cooling the solvent was evaporated under vacuum, the resulting oil was diluted 

25 with acetic add/ water (9/1, 32 ml) and the suspension was heated to reflux for 
1.5 h and at room temperature overnight The resulting residue was poured Into 
water (300 ml) and a brown precipitate was collected. After trituration from 
ethanol, tiie brown solid afforded a white solid (4.60 g, 58 %). 
*H-NMR (DI^ISO de) : 6.54 (d, 2H), 7.00 (t, IH), 7.23 (t, IH), 7.62 (d, 2H), 9.83 

30 (s, IH), 12.40 (s, IH). 

b) 4-[N-(lH-imidazoi-l-yl)amino]benzonitrile 

35 % hydrogen peroxide (4.90 ml, 55.5 mmol) was added dropwise to an ice- 
cooled suspension of 4-[N-(2,3-dihydro-lH-imidazol-l-yl-2- 
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thlone)amlno]benzonitrile (4.00 g, 18.50 mmol) In acetic add (20 ml). When TLC 
showed complete reaction, the reaction mixture was diluted with water, adjusted 
to pH 11 wfth sodium hydroxide, treated with sodium hydrogen sulfite and 
extracted with etJiyl acetate. The organic layer was dried over sodium sulfate and 
concentrated under vacuum. Rash chromatography on silica gel (toluene / 
dioxane : 6/4) yielded a pure oil and crystallization from ethanol afforded white 
crystals (4,40 g, 58 %), mp: 152«»C. 

*H-NMR (Dl^SOdfi) : 6.50 (d, 2H), 7.08 (s, IH), 7.30 (s, IH), 7.66 (d, 2H), 7.83 
(s, IH). 

PREPARATION OF liwIIDAZOLES OF FORMULA (X) 

Using the same procedure as described in example 2, but replacing the 4- 
cyanophenylhydrazlne, hydrochloride by: 

- NM4-cyanophenylmethyl)-N*-(4-methoxyphenyl)hydrazIne, 

the following compound was obtained: 
EXAMPLE 3 

4-[N-(lH-1midazol-l-yl)-N-(4-methoxyphenyi)amino]methylbenzonitrile 

»H-NMR (DMSO de) : 3.70 (s, 3H), 4.90 (s, 2H), 6.60-7.00 (m, 5H), 7.40 (s, IH), 

7.55 (d, 2H), 7.70 (s, IH), 7.78 (d, 2H). 

Crystallization from hydrochloric ethanol yielded white crystals (5.70 g, 66 %). 
mp: 207''C 

*H-NMR (DMSO ds) : 3.70 (s, 3H), 4.97 (s, 2H), 6.93 (d, 2H), 7.13 (d, 2H), 7.45 
(d, 2H), 7.70 (s, IH), 7.84 (d, 2H), 8.04 (s, IH), 8.18 (s, IH), 9.55 (s, IH). 
EXAMPLE 4 

4-[N-(4-hydroxyphenyl)-N-(lH-imidazol-l-yl)amino]methylbenzonltrile 
A solution of boron tribromfde (60 ml, 60.00 mmol) in 20 ml of dichloromethane 
is added to a cold (0-5«>C) solution of 4-[N-(lH-imldazol-l-yl)-N-(4- 
methoxyphenyl)amino]methylbenzonitrile (4.60 g, 15.11 mmol). After 1 h at 
room temperature tiie mixture was hydrolysed with saturated aqueous NaHCOs, 
filtered, washed witii water (50 ml) and with dichloromethane (20 ml) to give a 
brown solid (4.00 g). Crystallization from acetone yielded a brown solid (3.00 g, 
68%) mp: 150®C. 

*H-NMR (DI«ISO de) : 4.84 (s, 2H), 6.70 (s, 4H), 6.90 (s, IH), 7.45-7.62 (m, 3H), 
7.62-7.90 (m, 3H), 9.25 (s, IH). 
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EXAMPLES 

4-[NK4-hydroxyphenylmethyl)-N-(lH-imldazol-l-yl)amlno]benzonltrile 
4-hydraxybenzylbromIde (15.6 g, 84.3 mmol, prepared following WTssner A. et 
al., J.Med.Chern. 1992, 35, 165») was added to a mixture of 4-[N-(lH-lmidazol- 
5 l-yl)amino]benzonitrile (10.00 g, 54.30 mmol) and KzCQa (8.20 g, 59.70 mmol) 
in dry THF (150 ml) at room temperature. The mixture was then stirred at room 
temperature for 2 h and after poured into water and retracted with ethyl acetate, 
dried over i^ia2S04, filtered, and concentrated under vacuum to give the crude 
product (16.00 g as solid). Crystallization from ethyl acetate with ethanol yielded 
10 the expected product (6.50 g, 41%, mp: 180«C). 

»H-NMR (DMSO de) : 4.80 (s, 2H), 6.65 (d, 2H), 6.91 (s, IH), 7.04 (d, IH), 7.20 
(s, IH), 7.56 (s, IH), 7.63 (d,2H). 

Using the same procedure but repiadng the 4-hydroxybenzylbromide by: 

- 3-chloro-4-hydraxybenz^bromIde 
15 - 3-bromo-4-hydroxybenzyibromlde 

- 4-hydroxy-3-methoxybenzylbromide 

- 2,3,5,6-tetrafluoro-4-hydrox^enzylchloride (prepared follov^ng 
Angyal SJ. et ai., J.Oiem. Soc. 1950, 2141) 

- 3-formyl-4-hydroxybenrylchloride (prepared following Angyal SJ. et 
20 al., J.Chem. Soc. 1950, 2141) 

the following compounds were respectively obtained: 

4-[N-(3-chloro-4-hydroxyphenylmethyl)-N-(lH-imida2ol-l-yl)amino]ben2onitrile 
mp 195«>C 

25 »H-NMR (DMSOde) : 4.88 (s, 2H), 6.67 (d, 2H), 6.88 (d, 2H), 6.98 (s, IH), 7.05 
(dd, IH), 7,24 (d, IH), 7.33 (s, IH), 7.70 (s,lH), 7.72 (d,2H), 10.28 (s, IH). 
PXAmE7 

4-[N-(3-bromo-4-hydroxyphenylmethyl)-N-(lH-lmidazol-l-yl)amino]benzonitme 
mp 198*C 

30 *H-NMR (DMSOde) : 4.90 (s, 2H), 6.65 (d, 2H), 6.85 (d, IN), 6.99 (s, IH), 7.07 
(d, IH), 7.30 (s, IH), 7.40 (s, IH), 7.65 (s,lH), 7.67 (d,2H), 10.40 (s, IH). 
EXAMPLES 

4-[N-(4-hydroxy-3-methoxyphenylmethyl)-N-(lH-lmidazol-l-yl)amino]benzonitrile 
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mp 215'»C 

*H-NMR(DMSOd6) : 3.70 (s, 3H), 4.89 (s, 2H), 6.68 (s, 2H), 6.70 (d, 2H), 6.80 
(s, IH), 6.99 (S, IH), 7.30 (s, IH), 7.63 (s, IH), 7.72 (d,2H), 9.20 (s, IH). 
EXAMPLE 9 

5 4-[N-(2,3,5,6-tietrafluoro-4-hydra>cyphenylmethyl>N-(lHMmidazol-l- 
yI)amino]benzonitriIe 
mp 243*'C 

^H-NMR (DMSOds): 5.09 (s, 2H), 6.72 (d, 2H), 7.00 (s, IH), 7.32 (s, IH), 7.69 (d, 
2H), 7.77 (s, IH), 11.80 (s, IH). 
10 gyAMPLE lO 

4-[N<3-fbrmyl-4-hydroxyphenylmethyl)-N-(lH-imIda2oK-yfl)am!no]benzon^ 

mp 160''C ^ 
^H-NMR(DMSOd6) : 4.95 (s, 2H), 6.70 (d, 2H), 6.90 (s, IH), 6.96 (d, IH), 7.35 ; 
(S, IH), 7.44 (dd, IH), 7.58 (d, IH), 7.67 (s, IH), 7.71 (d, 2H), 10.20 (s, IH), 
15 10.75 (s,lH). 
pyAMPLE 11 

4-[N-(lH-lmidazol-l-yl)-N-(4-nitrophenyl)aminolbenzonltme 
4-[N-(lH-imidazol-l-yl)amino]benzonltrite (10.00 g, 54.30 mmol) was added 
portionwise to a suspension of potassium tert-butoxide (6.69 g, 59.73 mM) In 

20 DMSO (100 ml) at ( lO-lS^C) with stirring. The mixture was sBrred for 30 mn at 
room temperature, and then 4-nitro-fluorobenzene (7.60 g, 54.00 mM) in DMSO 
(15 ml) was added dropwise while keeping the temperature below 30«»C After 
2h, the mixture was poured into water (800 ml) and the resulting precipitate was 
collected by filtration and purified by cr/stallization from ethanol (1.00 g, 48%, 

25 mp: 188°C). 

»H-NMR(DMSOd6) : 7.00 (d, 2H), 7.17 (s, IH), 7.26 (d, 2H), 7.65 (s, IH), 7.90 
(d, 2H), 8.20 (S,1H), 7.22 (d,2H). 
i=yAMPLE 12 

4-[N-(4-aminophenyl)-N-(lH-imidazol-l-yl)amino]benzonitrile 
30 Hydrazine (1.52 ml, 49.00 mmol) was added portionwise to a suspension of 4-[N- 
(lH-imidazol-l-yl)-N-(4-nitrophenyl)amino]benzonitrile (3.00 g, 9.80 mM) and 
ruthenium, 5 wt. % on carbon (0.30 g, 0.15 mM) in ethanol (35 ml) at reflux 
with stirring. When TLC showed complete reaction, the mixture was cooled and 
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the catalyst was filtered. The solvent was concentrated under vacuum. The 
residue was poured into water and extracted with dichloromethane, dried over 
Na2S04, filtered, and concentrated under vacuum to give the crude product 
(2.50g as solid). Cr^tallization from ethyl acetate with ethanol yielded the 
5 expected product (1.30 g/SO%/mp: 147**C). 

^H-NMR (DMSOde) : 5.50 (s, 2H), 6.30 (d, 2H), 6.69 (d, 2H), 7.09 (s, IH), 7.29 
(d, 2H), 7.53 (s, IH), 7.65 (d, 2H), 8.14 (s,lH). 
GENERAL PROCEDURE OF SULFAMOYLATION 
EXAMPLE 13 

10 Sulfamic add 4-[N-(4-cyanophenylmethyl>IV|-(lHHmlda2ol-lyl)amino]phenyl ester 
Sulfamoyl chloride (2.39 g, 20.69 mmol) was added to a solution of 4-[N*(4- 
hydroxyphenyl>N-(lH-imidazol-l-yl)amlno]methylbenzonitrile (1.00 g, 3.45 
mmol) In dry DMAc (36 ml) with fee cooling. The mixture was then stirred at 
room temperature tor 6 h. After addition of TEA (3.40 ml, 24.73 ml), the mixture 

15 was poured Into cold brine and extracted witfi ethyl acetate, dried over Na2S04, 
filtered, and concentrated under vacuum to give the crude product (0.70 g as 
solid). Crystellization from ethyl acetete yielded the expected product (0.40 g, 
31%, mp: 60^C). 

^H-NMR (DMSO de) : 5.00 (s, 2H), 6.70 (d, 2H), 6.92 (s, IH), 7.19 (d, 2H), 7.40 
20 (s, IH), 7.55 (d, 2H), 7.74 (s, IH), 7.77 (d, 2H), 7.91 (s, 2H). 

Using the same procedure but replacing the 4-[N-(4-hydroxyphenyl)-N-(lH- 
imidazol-l-yl)amfno]metiiylbenzonitrile by: 

• 4-[N-(4-hydroxyphenylmethyl)-N-(lH-lmida2ol- l-yl)amino3ben2onitrile 

• 4-[N-(3-chloro-4-hydroxyphenylmethyl)-N-(lH-imidazoI-l- 
25 yl)amino]benzonltrile 

• 4-[N-(3-bromo-4-hydroxyphenylmethyl)-N-(immida2oH- 
yl)amino]benzonitrile 

• 4-[N-(3-methoxy-4-hydroxyphenylmethyl)-N"(lH"imidazol-l-yl)amfno] 
benzonitrile 

30 • 4-[N-(2,3,5,6-tetrafluoro-4-hydroxyphenylmethyl)-N-(lH-imidazoH- 
yl)amino] benzonitrile 

• 4-[N-(3-formyl-4-hydroxyphenylmethyl)-N-(lH-imida2oH-yl)amino] 
benzonitrile 



21 



. 4-[N-(4-amfnophenyl)-N-(lH-imfdazol-l-yl)amino]bena)niti1ie 
• 4-[N-(lH-imidazol-l-yl)amIno]ben2onllrile 
the following compounds were respectively obtained: 

EXAMPLE 14 

5 Sulfamic acld-4-{[N-(4-cyanophenyl)-N-(lH-imldazol-lyl)amino]methyl}phenyl 
ester 

mp lyz^c 

^H-NMR (DMSOds) : 5.00 (s, 2H), 6.65 (d, 2H), 7.00 (s, IH), 7.22 (d, 2H), 7.40 
(s, IH), 7.42 (d, 2H), 7.70 (s, IH), 7.75 ( d, 2H), 8.00 (s, 2H). 
10 EXAMPLE 15 

Sulfamic add 2-chloro-4-{:[N-(4-cyanophenyl>N-(lH-lmIdazol- 

lyl)amino]methyl}phenyl ester 

*H-NMR (DMSOds) : 5.05 (s, 2H), 6.63 (d, 2H), 7.00 (s, IH), 7.35-7.45 (m, 3H), 
7.54 (s, IH), 7.70 (d, 2H), 7.80 (S, IH), 8.29 (s, 2H). 
15 SAMPLE 16 

Sulfamic add 2-bromo-4-{[N-(4-cyanophenyl)-N-<lH-lmldazol- 
lyl)ammo]methyl>phenyl ester 

»H-NMR (DMSOds) : 5.07 (s, 2H), 6.66 (d, 2H), 7.03 (s, IH), 7.44 (s, 3H), 7.70 
(d, 2H), 7.80 (d, IH), 8.28 (s, 2H). 
20 gXAMPLE 17 

Sulfamic add 2-methaxy-4-{[N-(4-cyanophenyi>N-(lH-imldazol- 
lyl)amlno]methyl}phenyl ester 
mp 211-C 

iH-NMR (DMSOde) : 3.77 (s, 3H), 5.02 (s, 2H), 6.75 (d, 2H), 6.92 (d, IH), 7.05 
25 (s, 2H), 7.25 (d, IH), 7.45 (s, IH)^ 7.71 (d, 2H), 7.80 (s, IH), 7.93 (s, 2H). 
pXAMPLE 18 

Sulfamic add 2,3,5,6-tetrafluoro-4-{[N-(4-cyanophenyl)-N-(lH-imldazDl- 
lyl)amino]methyl}phenyl ester 

»H-NMR(DMS0d6) : 5.37 (s, 2H), 5.83 (s, 2H), 6.86 (d, 2H), 7.08 (s, IH), 7.41 
30 (s, IH), 7.79 (s,lH), 7.81 (d,2H). 
EXAMPLE 19 

4-[N-[(2,2-^loxido-l,2,3-benzoxathIazln-^yl)methvl]-N-(lH-imidazol-l-y,l)amino] 
benzonltrlle ' 
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mp 180°C 

^H-NMR (DMSOde) : 5.17 (s, 2H), 6.67 (d, 2H), 7.02 (s, IH), 7.46 (s, IH), 7.50 
(d, 2H), 7.74 (d, 2H), 7.82 (dd, IH), 7.87 (s, IH), 8.02 (d, IH), 9.19 (s, IH). 
EXAMPLE 20 

5 NK4-[N-(4-cyanophenyl)-N-(immida2ol-i-yl)aminoiphenyl}sulfemide 
mp 121«'C 

^H-NMR (DMSOds) : 6.38 (d, 2H), 7.09 (s, IH), 7.20 (s, IH), 7.22 (d, 2H), 7.51 
(d, 2H), 7.63 (s, IH), 7.69 (d, 2H), 8.19 (s, IH) 
EXAMPLE 21 

4-[N-[(2,2Klloxfdo-3,4-dihydro-l,2,3-benzaxathla2ln-6-yl)methyl]-N-(lH-lmlda2ol- 
l-yl)amino]benzonitrile 

To a suspension of 4-[N-[(2,2-dto)ddo-l,2,3-ben2oxathlazfn-6-yl)methyl]-N-(lH- 
rmldazol-l-yl)amino]benzonitrile (0.40 g, 1.05 mmoO in methanol (8 ml) was 
added poreonwlse NaBH4 (0.08 g, 2.11 mmol) and the reaction mixture was 
stirred at room temperature for 3 h. After addition of a saturated solution of 
NH4a (3 ml) and water (40 ml), the precipitate obtained was filtered, washed 
with water and dried to give a white solid. Crystalltzaton from ethyl acetate with 
ethanol yielded the expected product (0.40 g, 82%, mp: 190*C). 
»H-NMR (DMSOde) : 4.55 (d, 2H), 5.04 (s, 2H), 6.64 (d, 2H), 7.02 (s, IH), 7.03 
(d, IH), 7.27 (d, IH), 7.30 (s, IH), 7.41 (s, IH), 7.70 (d, 2H), 7.85 (s, IH), 8 56 
(t, IH). 

PIOLOGICAL TEST RESULTS 

INHiemON OF STEROID SULFATAS^ AROMATASE AND CARBONZC 
ANHYDRASE U XN VTTRO 

Estrone sulfate (EiS) Is a major drculatlng plasma estrogen that is converted by 
the steroid sulfatase enzyme Into esbione (Ei), which In turn can be transformed 
into estradid (Ej) by enzymatic reduction. 

The reduction of Ez synthesis by aromatase inhibitors has been clinically proved 
to be the best way to halt the progress of hormone-dependent breast tumore. In 
the following experiments, we have shown that compounds witii both aromatase 
and steroid sulfatase activities are a suitable approach to Inhibit tumor growth. 
Human cariaonlc anhydrases catalyse the conversion between cartaon dioxide 
(CXJz) and the bicarbonate Ion (HCCb), and are Involved in physiological and 
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pathological processes. They Includes hormone-dependent and non-hormone- 
dependent cancerogenesis, metastasis process and hyp0)dc tumors which 
express these enzymes that are less responsive to classical chemo/radlo-therapy. 
In particular^ EMATE was found to have a human carbonic anhydrases Inhibitory 

5 potency similar to that of acetazolamlde, a well-known sulfonamide human 
carbonic anhydrases inhibitor. The aim of these experiments was to evaluate the 
in vitro Inhibitory potential of aromatase and/or steroid sulfatase inhibitors on 
human carbonic anhydrase II activity (as an exemple of human carbonic 
anhydrase) in comparison with 6,6,7 COUMATE and acetazolamlde. 
10 Aromatase activity. Methods & Materials 

The JEG-3 cell line over-expresses human aromatase. 24 hours before 
measurement, cells are distributed for seeding in 96-well microplates, 24 hours 
later, microplates are rinsed and fresh medium containing the radioactive 
aromatase substrate (Ip-^H-androstenedione, 10 nM) is added together with test 

15 compounds dissolved with 1 % dimethylsulfoxyde In a test concentration range, 
between 10'^^ and 10"^ M In a total volume of 150 pi. Two hours after the 
beginning of the incubation, 100 pi of the supematants are transferred to 
homologous new 96-well microplates. A solution of dextran-coated charcoal (1 
%) is added in each well (100 pl/well); after standing on ice for io minutes, 

20 microplates are centrifuged (1500 g; 4**C). All steroids, including the radioactive 
substrate and the newly blosyntheslzed estrogens, are adsorbed on charcoal; 
only ^H-water specifically formed during aromatisation of Ip-^H-androstenedione, 
involving a specific oxidative step removing the ip-^H, remains in the 
supernatant at this stage. Supematants received a scfntillati"on cocktail for p- 

25 radioactivity measurement In parallel, the aromatase reaction is stopped In the 
microplates by destruction and solubilization of the cells in a 10 mivi 
ethylenediamlne tetraacetate solution at pH 12.3. Then, DNA is measured by a 
standard fluorimetrlc method using the Hoechst 33258 fluorochrome and a 
Victor^ (Wallac, EG & G) microplate fluorlmeter. Rnally, aromatase activity Is 

30 expressed in fmoles/pg DNA in 2 hours and aromatase inhibition as a percentage 
of that observed in a a)ntrol incubation without inhibitors. A non-linear fit 
analysis of % of inhibition vs. concentration allowed the detennlnation of the 50 
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% inhibitory concentration (ICso) : tlie lowest ICso correqaond to the most potent 
inhibitors (Table 1). 

Steroid sulfatase acth^. Methods & Materials 

The. JEG-3 cell line Is very rich in human estrone suKatase. Assays were carried 
5 out with ceils in logarithmic growth phase on 96-weil mlcrt>plates. 24h before 
studies, c^ls vtere seeded In decomplemented fstal car serum (dF=CS) 
supplemented medium. Then, the seeding medium was removed and the cells 
were rinsed with PBS to eliminate any trace of dF=CS. Then 'H-EiS was added, 
followed by test compounds at cnnoentratlons ranging from lOr** M to 10"^ M. 

10 After 4 h of treatment, the medium was transfon^ Into 96-deep-well 
microplates and centrifoged at 200 x g for 10 min to pellet cells before toluene 
extraction. A fraction of medium was used for toluene extraction in order to 
separate the conjugated substrate from non-conjugated products. The 
radioactivity in the toluene phase was measured by liquid sdntillation counting. 

15 Rnally, esbt>ne suli^tase acQ>^ty was expr^sed in pmoles of ^H-Ei + ^H-Ei 
formed per 4 hours and per pg DMA and estrone sulfotase inhibition as a 
percentage of control activity without Inhibitor. A non linear fit analysis 
(GraphPad Prism Sofoware) of % inhibition vs. Inhibitor concentrations allowed 
tfie detenmination of tiie 50 % Inhibitory concentration (ICso): the lowest ICso 

20 oomesponds to tiie most potent inhibitors (Table 1). 

Alkaline ph<»phatase activity, Metliods & Materials 
To evaluate the estrogenic potency of test compounds, the well-established 
Miiiowa ce\i model was used. Cells were routinely grown in a medium containing 
10% dFCS. Seeding was performed In Nunc culture pla^c flasks and cells were 

25 maintained in a humidified atmosphere of 5% ODz and 95% air at 37±0.1 C. The 
efiect of the test compounds on alkaline phosphatase Induction were measure 
in estrogen-free medium. Briefly, cells were seeded into 96-well microplate 48 h 
before studies. At the end of a 4-day treatment alkaline phosphatase activity was 
measured with the p-nitrophenyl-pho^hate assay, and the activity was 

30 expr^sed as n-fold increase witii respect to control levels, then as a percentage 
of the activity recorded in the presence of lO"" M Ea, which was taken to be equal 
to 100% (Table 1). 
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Human carbonic anhydrase n activity. Methods & Materials 

TWs assay was performed as described In the literature (Armstrong J. et a!. 
Purification and properties of human erythrocyte carbonic anhydrases, J Biol 
Chem, 1966, 241: 5137-5149). Briefly, in this assay, human cartwnic anhydrase 
n catalyses the conversion of p-nltrophenyl acetate Into p-nltrophenol. The 
potential inhibitory effect of test compounds was evaluated by colorimetric 
determination of p-nltrophenol produced during the enzymatic reaction. The 
optical density levels obtained without inhibitor will be referred to as total 
activity". The levels obtained without inhibitor and without the enzyme will be 
referred to as "blank" In order to assess any interference with the substrate 
during the assay (Table 2). 

Table l: Inhibition of aromatase, estrone sulfatase and estrogenic 
potency 




■A*:sulfemic acid, 3^doheptylmethylbenzothiophen-6-yl-l,l-dioxide-estfir 
(described in PCr/EP03/08811 filed May 16, 2003) 



1.06± 0.21 
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nd: not detected 
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Among the tested compounds. Be 14 and Be 17 showed a strong Inhibition aCso 
about 10 nM) of human estrone suH^tase activity. In addition, the same 
compounds were shown to be strong Irihlbrtors of aromatase activity. Despite this 
dual activity. Ex 14 and Ex 17 were not estrogenic in vltm. 



Table 2; Inhibition of human carbonic anhydrase H 




6,6,7 COUMATE 9.85 ± 1.6 



A* 7.9 ± 1.5 



Ex 14 16.95 ± 5.4 



A*;suiTamic add, 3-cydoheptyimethylben2othi ophen-6-yl-l,l-d}oxlde-estBr 
Be 14 Inhibited human carbonic anhydrase n in vitro. 

Aim uterotrophic/anh steroid sulfatase activity in yjvQ 

WIstar female rats were ovariectomized and left to rest for 4 weeks. Prior to 
treatment, the absence of cydidty was chedced by vaginal smears. Animals were 
supplemented with estrone sulfete (E,S) at 50 pgAg/day s.c., alone or combined 
with oral administration of potential sulfatase inhibitors, at 1 mg/kg/day for 4 
days. The uteri were removed, freed of adjacent tissue and wet weighed CHiijte 

Estrone sulfatase activity was measured according to the method described by 
Purohit et al., with slight modifications. Briefly, uteri were thawed, weighed and 
homogenized. Allquots of the supernatant wer« treated with dexb^n-coated 
charcoal and assayed for sulfetase. E^S activity was assessed after 30 min of 
Incubation with 5 nM of ^H-E^S and 20 pM of unlabelled E»S as substrate. Estrone 
sulfatase activity was expressed as pmol /h/mg pretein and reported as 
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percentage of inhibition vs EiS; for uteri weights, results are expressed as % of 
inhibition of the EiS induced stimulation (Table 3). 



Table 3: Inhibition of uterus weigiit and sulfatase activity 




6,6,7 COUMATE 81 90 8 



EX 14 78 93 8 

Ex 14 was chosen as a potential inhibitor of estrone sulfatase activit/ because of 
its lack of estrogenldt/, significant Inhibition of EiS stimulated uterus weight and 
complete inhibition of tissue estrone sulfatase activity. These in wVo results were 
in agreement with in vitro results obtained in JEG-3 cells. 

10 INHISmON OF TUMOR GROWTH 
MCF-7 xenograft into nude mice 

MCF7 cells, derived from human breast adenocarcinoma, were injected 
subcutaneously In ovariectomized athymic nude mice supplemented with a daily 
adminisb^tion of subcutaneous esbione sulfate. Xenograft volumes were 

15 determined weekly. When tumor volumes reached significant increase. Ex 14 was 
orally administered at Img/kg/day for 8 weeks. Xenografts were measured, 
removed, weighed, and deep frozen until tiie determination of sulfatase activity, 
according the above-mentioned methods (T^bie 4). 

20 Table 4: Inhibition of human breast tumor 




EjS 296.8 ±55.6 130.3 ± 33 10 



EiS + Ex 14 209.8 ± 22.3 



91.6 ± 11 



9 
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30% Inhibition of breast tumor were obtained with JEx 14 after 8 weeks of oral 
administration at Img/kg/day. 
JEG-3 xenograft into nude mice 

The JEG-3 cell line over-expresses both human aromatase and estrone sulfatase 
enzymes. It was injected subcutaneously into ovariectomized athymic nude mice 
supplemented with a daily administration of subcutaneous estrone sulphate with 
or without Ex 14 (administered at 5mg/kg/day). In that particular case, and 
according to their semi-liquid status (choriocarcinoma origin), tumor measures 
were in^elant. Nevertheless, an indirect effect of estradiol which was mainly 
synthetised by the tumour tissue, was obtained on uteri weights. On the other 
hand, because of the aromatase and sulfatase overexpression in such tumours, 
enzyme levels were measurable. Enzyme activilies were determined according to 
the above-mentioned methods (Table 5). 





7091.5± 677 
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EiS 



43.9± 3.05 20.4db 4.3 



7261.8± 1187.2 
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EiS 4- Ex 14 15.0± 0.85 12.8± 2.5 



272.5± 44.8 
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37.3% inhibition of aromatase activity was obtained with Ex 14 after 12 days of 
oral administration at 5mg/kg/day, the same compound led to a sulfatase activity 
decrease of 96.2%. 

20 3EG-3 xenograft witiiin nude rat sup plemented with estrone sulphate and a4- 
androstenedione 

15 days before JEG-3 cell injection into rats, blood samples were taken to 
measure basal levels of estradiol plasma. Then, JEG-3 cells were injected 
subcutaneously in ovariectomized athymic (Rnu/Rnu) nude rat Animals were 
25 supplemented with a dally administration of subcutaneous estrone sulphate and 
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A4-androstenedione with or without Ex 14 (administered at Img/kg/day). After a 
21-day period, blood sampling were performed one day after cancerous 
xenograft and at the end of the experiment In this experiment estrone sulphate 
and A4-androstenedione are the precursors of estradiol. The effect of estradiol 
5 was reflected on the uterus weight after sacrifice. Plasma hormone levels were 
assayed at the end of the experiments according to the supplier's standard 
method (DSL,Webster,TX,USA) (Table 6). 



Table 6: Plasma estrogen levels and uterus weight . 







■ 






m 




Days 


1 


21 


1 


21 


1 


21 


21 


placebo 


+21 


7 


0 


0 


+2 


-7 


86.95± 9.4 


EiS+A4-Adione 


+13 


1243 


0 


8564 


+74 


+374 


307.55± 58.13 


EiS+A4- 


+41 


+200 


0 


+5208 


+115 


3123 


187.45i 17.13 


Adione+Ex 14 

















10 

The results are expressed as variation percentage of initial value mesured at day 
-15 (i.e.: 15 days before cancerous cell injection). Ex 14 led to a decrease in 
estradiol plasma level, as expected, in respect to its effect on tumor aromatase 
and sulfetase inhibition- Finally, Exl4 shown an anti-uterotrophic potency, when 
15 animals were supplemented with estrone sul^te and A4-androstenedlone. 
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CLAIMS 



1. An imidazole derivative of formula (I) : 





0) 



and add addition salts and stereoisomeric forms thereof, wherein : 

• Ri and Rz are each independently hydrogen, a (Cx-C6)all<yl or a (C3- 

C8)cydoalkyl } or Ri and R^ together form a saturated or unsaturated 5-, 6^ or 

7- membered carbocydic ring; 

10 • n Is 0, 1 or 2 ; 

. one of R3 and R4 is a hydroxy, nitro, -NRyRa, -OSO2NR7R8 or -NRtSO^NRtRb 
group and the other is hydrogen or a hydroxy, cyano, halogen, nItro, (Ci- 
C6)alkyl, (CrC6)alkoxy, ttifluoromethyl, (Ci-C6)alkylthlo, (Ci-C6)alkylsulfonyl, 
acyl, (Cx-C6)alkoxycarbonyl, cariDOxamldo, -NRTRsr -OSO2NR7R8 or - 

15 NR7S02NR7R8 group; 

* Rs and Re are each independently hydroxy, cyano, halogen, nltro, (Ci- 
C6)alkyl, (CrC6)alkoxy, trifluoromelhyl, (Ci-Q)alkylthlo, (Ci-C6)alk/lsulfonyl, 
acyl, (Ci-C6)alkoxycarbonyl, carboxamWo, -NRtRs, -OSOaNRyRe or - 
NR7SO2NR7R8 group ; 

20 . R7 and Rs are eadi Independently hydrogen, a (Q-C6)alkyl or a (C3- 
C8)cydoalkyl; 

• mis 1,2, 3 or 4; 

. R4 and Rs together with the phenyl ring bearing them can also fonm a 
benzoxathiazine dioxide or a dihydrobenzoxathiazine dioxide; 
25 . R3 and R* together with the phenyl ring bearing them can also foim a 
benzofurane or a jvj-methylbenzotriazole. 
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2. A derivative according to claim 1, and add addition salts and 
stereolsomeric fonns thereof, wherein: 

• n Is 0 or 1; 

• Ri and R2 are each Independently hydrogen or (CrC6)alkyl; 

5 • R5 and Re are each independently hydrogen, halogen^^ (Ci-Cs)alkoxy, acyl, - 
NR7R8. -OSQ2NR7R8 or HMRySOzNRTRs. 

3. A derivative according to dalm 1 or 2, and add addition salts and 
stereoisomeric fonms thereof, wherein: 

10 • n is 0 or 1; 

• Ri, R2 and Re are each hydrogen; 

• Rs Is hydrogen, halogen, (Ci-C:6)allcoxy or -OSO^NR7R8. 

4. A derivative according to one of daims 1 to 3, and add addition salts and 
15 stereoisomeric forms thereof, wherein one of R3 and R4 is hydroxy, cyano or *- 

OSO2NR7R8 and the other is hydroxy, nitro, -NR7R8/ •OSO2NR7R8 or - 
NR7S02NR7R8. 

5. A derivative according to daim 4, and add addition salts and 
20 stereoisomeric forms thereof, wher^n one of R3 and R4 is cyano or -OSO2NR7R8 

and the c^er is hydroxy or -OSQ2NR7R8- 

6 A derivative according tx> one of claims 1 to 5, and add addition salts and 
stereoisomeric forms thereof, wherein R7 and Rs are hydrogen. 

25 

7. A derivative according to one of claims 1 to 6, and add addition salts and 
stereoisomeric forms tha'eof, wherein n is 1. 

8- A derivative according to one of claims 1 to 7, and acid addition salts and 
30 stereoisomeric forms thereof, wherein m is 1, 
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9. A pharmaceutical composition comprising a derivative according to one of 
claims 1 to 8, or a pharmaceutically acceptable add addition salt tliereof, and a 
pharmaceutical acceptable carrier. 

10. A pharmaceutical composib'on according to claim 9, comprising from 0.1 
to 400 mg of said derivative. 

11. Use of a derivative according to one of clalnns 1 to 8, or a 
pharmaceutically acceptable acid addition salt thereof, as a pharmaceutical. 

12. Use of a derivative according to one of daims 1 to 8 or a pharmaceutically 
acceptable add addition salt thereof In the manufacture of a medicament for the 
treatment or prevention of hormone- or non hormone-dependent tumors, 
wherein said derivative Is optionally combined with a sexual endocrine 
therapeutic agent 

13. Use of a derivative according to one of daims 1 to 8 or a pharmaceutically - 
acceptable add addition salt thereof in the manufacture of a medicament for the : 
control or management of reproductive functions, wherein said derivative is 
optionally combined with a LH-RH agonist or antagonist, an estroprogestative 
contraceptive, a progestin, an anti-progestin or a prostaglandin. 

14. Use of a derivative according to one of claims 1 to 8 or a pharmaceutically 
acceptable acid addition salt thereof in the manufacture of a medicament for the 
treatment or prevention of benign or malignant diseases of the breast, the uterus 
or the ovary, wherein said derivative is optionally combined with an 
antiandrogen, an anti'-estrogen, a progestin or a LH-RH agonist or antagonist 

15. Use of a derivative according to one of claims 1 to 8 or a pharmaceutically 
acceptable acid addition salt thereof in the manufacture of a medicament for the 
treatment or prevention of androgen-dependent diseases or benign or malignant 
diseases of the prostate or the testis, wherein said derivative is optionally 
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combined with an antiandrogen, a progestin, a lyase inhibitor or a LH-RH agonist 
or antagonist 

16. Use of a derivative according to one of claims 1 to 8 or a pharmaceutlcally 
5 acceptable acid addition salt thereof In the manufacture of a medicament for the 

treatment or prevention of cognitive function disorders, especially senile 
dementia, in particular Alzheimer's disease. 

17. Use of a derivative according to one of claims 1 to 8 or a pharmac^utically 
10 acceptable add addition salt thereof in the manufacture of a medicament for the 

treatment or prevention of Immunodisorders. 

18. Use of a derivative according to one of claims 1 to 8 or a pharmaceutically 
acceptable acid addition salt thereof in the manufacture of a medicament for the 

15 treatment or prevention of pathologies in which inhibition of aromatase and/or 
steroid sulfatase and/or carbonic anhydrase is required. 
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ABSTRACT 



The Invention relates to the compounds of formula (I): 




0) 



Re 



In wtfhich Ri, Ra, R3, R4, Rs, Rsr m and n are as defined in the spedflcation. 
The Invention also relates to the pharmaceutical compo^tions attaining these 
compounds. 
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